On the Brazilian coast, ten species of fiddler crabs occur in the estuaries and mangrove systems. The larval development of only five of these species is completely known. Here we describe the first zoeal stage and megalopa of Uca (Uca s. str.) maracoani. Ovigerous females and megalopae were obtained at Jabaquara Beach, Paraty, state of Rio de Janeiro, Brazil. The first zoeal stage was obtained from ovigerous females in the laboratory, and the megalopae directly from the field. Both zoeae and megalopae were raised in laboratory conditions. The megalopae survived until the eighth juvenile stage, when they could be identified to species. The larval morphology was analyzed and compared with the species already known for the Brazilian coast, and some other species, such as the southeast Atlantic fiddler crab, Uca tangeri. The comparison showed that U. maracoani has some characteristics that are more similar to U. tangeri than the previously studied species from the Brazilian coast. This is the first description of the zoea and megalopa morphology of a member of the genus Uca from the southwest Atlantic, of which the adult has a narrow front sensu Crane (1975) , and it is helpful for taxonomic, systematic and ecological purposes.
INTRODUCTION
The superfamily Ocypodoidea, according to Š tevčić (2005) and Ng et al. (2008) , consists of eight families (Captamdriidae, Dotillidae, Heloeciidae, Macrophthalmidae, Mictyridae, Ocypodidae, Ucididae, and Xenophthalmidae). Only Ocypodidae and Ucididae are represented on the Brazilian coast, by members of the genera Uca Leach, 1814 and Ocypode Weber, 1795 of the former family, and Ucides Rathbun, 1897 of the latter family.
Ten species of the genus Uca Leach, 1814 occur along the Brazilian coast. They can be arranged in distinct subgenera, and classified in two groups: narrow-fronted fiddler crabs (one subgenus) and broad-fronted fiddler crabs (two subgenera) (Bott, 1973; Crane, 1975) . These species of Uca are: U. (Uca s. str.) maracoani (Latreille, 1802 (Latreille, -1803 , with a narrow front (sensu Crane, 1975) ; U. (Minuca) thayeri (Rathbun, 1900) , with apparently an intermediate front but classified as broad front; and U. (Minuca) rapax (Smith, 1870) , U. (Minuca) vocator (Herbst, 1804) , U. (Minuca) mordax (Smith, 1870) , U. (Leptuca) leptodactylus Rathbun, 1898, U. (Leptuca) uruguayensis (Nobili, 1901) , U. (Leptuca) cumulanta Crane, 1943, U. (Minuca) burgersi Holthuis, 1967, and U. (Minuca) victoriana von Hagen, 1987 , with a wide front (sensu Crane, 1975) . This subdivision, established by Crane (1975) , has been contested by some authors, who have used new techniques in order to evaluate and reorganize the groupings; for instance, Levinton et al. (1996) used ADNr 16s base sequences, and Rosenberg (2001) carried out a morphological phylogenetic analysis based on 236 discrete characters. More recently, Beinlich and von Hagen (2006) proposed a new subdivision, adopted here, recognizing eight subgenera for Uca (Australuca, Tubuca, Gelasimus, Uca s. str., Cranuca, Paraleptuca, Leptuca, and Minuca).
The larval development of ocypodid crabs is well known for several species worldwide. The larval development of Ocypode quadrata (Fabricius, 1787) was completely described by Díaz and Costlow (1972) . There are also five species of the genus Uca occurring in Brazil for which the complete larval development is described: U. thayeri by Anger et al. (1990) ; U. vocator, U. uruguayensis, U. mordax, and U. burgersi by Rieger (1996 Rieger ( , 1997 Rieger ( , 1998 Rieger ( , 1999 . Additionally, the first zoeae of U. leptodactylus and U. rapax were described by Batistelli (2003) .
In a pioneer paper, Hyman (1920) studied the postembryonic development of three fiddler-crab species: Uca (Leptuca) pugilator (Bosc, 1802) , U. (Minuca) minax (Le Conte, 1855), and U. (Minuca) pugnax (Smith, 1870) . She obtained several juvenile stages of U. pugilator and was also able to identify the sex by means of the secondary sexual characters of the individuals raised. Subsequent to her work, other authors treated the larval development of ocypodid species, such as Rabalais and Cameron (1983) , Pasupathi and Kannupandi (1988), and Jang et al. (1991) .
In the present study, we describe the morphology of the zoea I and the megalopa of U. maracoani (Latreille, 1803) , the only 'narrow front' species occurring on the Brazilian coast. We compare the larvae of other species of Ocypodidae (sensu Ng et al., 2008) previously described for the South Atlantic, in order to offer data for new studies on phylogeny, biogeography, and planktology. JOURNAL OF CRUSTACEAN BIOLOGY, 29(3): 364-372, 2009 
MATERIAL AND METHODS
The fiddler crab U. maracoani is distributed in the Western Atlantic, in the Antilles, Venezuela, Guyanas, and Brazil (from the states of Maranhão to Paraná), according to Melo (1996) . Specimens of the fiddler crab Uca cumulanta Crane, 1943 could also be found living near the mud flat where U. maracoani was obtained. Ovigerous crabs and megalopa larvae were collected at a mud beach named Jabaquara, in Paraty, state of Rio de Janeiro, Brazil, during low-tide periods. The larvae (zoea I) were obtained from ovigerous females maintained in the laboratory until their eggs hatched. The megalopae specimens were captured with small coffee spoons and immediately transferred to plastic containers with water from the collecting site.
In the laboratory, the megalopae were placed in individual containers and received an identification number. As soon as they molted and reached more advanced stages (juveniles), we were able to identify them to species level with confidence by checking carapace shape and front size. Both megalopa and early juvenile stages of U. maracoani are larger than U. cumulanta, the other species that was raised up to juvenile stages. The remaining specimens of other species were kept in the scientific collection for further studies.
All the containers were inspected daily for the presence of molts and to record the changes of stages. Both zoea and megalopa larvae were fed with newly hatched Artemia sp. nauplii and had their water renewed daily. No zoea I molted to the next stage. In short, the larvae were reared as described by Negreiros-Fransozo et al. (2007) .
The exuviae and the dead crabs were conserved in the scientific collection of the NEBECC (Study Group on Crustacean Biology, Ecology and Culture) with their respective data on rearing.
Drawings were made with the aid of a camera lucida. Measurements were made under an optical microscope (Axioskop 2, Zeiss) provided with an image system (Axiovision, Zeiss). Dimensions measured on each zoea were: (CL) carapace length from between the eyes to the posterior margin of the carapace; (CW) maximum width of the carapace in a frontal view, without the spines; (CWS) maximum width of the carapace in frontal view, including the spines; (RS) rostral spine length; and (DS) dorsal spine length. Dimensions measured on each megalopa were: (CL) carapace length from the tip of the rostrum to the posterior margin of the carapace; and (CW) maximum width of the carapace.
The figures were prepared based on at least 10 specimens of each stage studied, and followed literature recommendations (see Clark et al., 1998 and Pohle et al., 1999) . Setae terminology also follows Garm (2004) .
RESULTS
Description of the zoea I ( The carapace (Fig. 1A, B) is round, and is provided with 1 rostral, 1 dorsal, and 2 lateral spines. The eyes are sessile.
The antennule (Fig. 1C) is unsegmented, and has 3 long aesthetascs and simple setae.
The antenna (Fig. 1D ) protopod has 2 opposite rows of very small denticles; the exopod is small (around 1/4 to 1/5 of the protopod), with 2 simple setae.
Mandible ( Fig. 1E ) with molar and incisive process. Maxillule ( Fig. 1F ) with the endopod two-segmented, with 3 terminal plumose setae; coxal endite with 3 strong setae and 2 simple setae; basal endite with 3 cuspidate setae and 4 simple setae. It was not possible to observe microtrichae on the maxillule. Exopodal setae absent.
Maxilla ( Fig. 1G ) with the endopod unsegmented, bearing 2 terminal plumose setae and 1 subterminal seta, as well as several microtrichae on the external margin; exopod with 4 plumose marginal setae and a plumose apical process; coxal endite bilobed with 6 simple setae, and basal endite bilobed with 5(7) simple setae on the proximal lobe and 2(3) simple setae and 2 serrate setae on the distal lobe.
First maxilliped ( Fig. 1H ) with basis bearing 9 simple setae arranged 3+2+3+1; endopod five-segmented with 0(2), 0(2), 1, 2, and 4 (5) plumose setae (but with a very few setules); exopod two-segmented, with 4 long plumose setae on its tip.
Second maxilliped ( Fig. 1I ) with basis bearing 4 simple setae arranged 1 + 1 + 1 + 1; endopod threesegmented with 0, 0, and 4 plumose setae (with very few setules) and 1 serrate seta; exopod unsegmented, with 4 long plumose setae.
There is no evidence of a rudimentary third maxilliped, or rudimentary pereiopods. The pleon (Fig. 1B) is constituted by 5 somites, without appendages, and the first somite is partly or totally covered by the cephalothorax. In the median region of each of the second and third pleomeres there is a pair of dorsolateral processes. The telson (Fig. 1A , B) has a pair of small outer lateral spines on each furca, and 6 terminal processes arranged 3 by 3 on each side of the small median notch.
Description of the megalopa (Figs. 2 to 4) CL 5 0.777 6 0.019 mm; CW 5 1.226 6 0.018 mm.
Carapace ( Fig. 2A) subquadrate, convex dorsally, with few small simple setae sparsely distributed on its surface, those on the orbital region being the most evident. Eyes pedunculate. The pereiopods, pleopods and uropod appear differentiated at this stage.
The antennule (Fig. 3A) has the proximal segment well developed, with 3 plumose setae, 1 simple seta near the peduncle, and two rows of simple setae, the first row near the peduncle and the other in the marginal region of the proximal segment. The peduncle is two-segmented, with 1 simple seta on the proximal segment. Endopod with 1 simple seta. Exopod four-segmented, with the proximal segment smooth, the second segment with 4 aesthetascs, the third segment with 5 aesthetascs and 1 simple seta, and the distal segment with 5 aesthetascs and 1 simple seta.
The antenna (Fig. 3B ) has a three-segmented peduncle, with 2, 1, 2 simple setae. Antennal flagellum composed of 7 segments, with 0, 0, 3, 2 simple setae from the first to the fourth segment; 2 plumose setae on the fifth segment; 1 plumose seta and 3 simple setae on the sixth segment; and 3 simple setae on the seventh segment.
Mandible ( Fig. 3C ) with a well-chitinized blade, palp twosegmented with 10 plumose setae on the distal segment.
Maxillule ( Fig. 3D ) with protopod bearing 2 plumose setae (exopodal and epipodal). Unsegmented endopod with 2 simple subdistal setae and 1 terminal seta. Coxal endite with 18 plumose setae. Basal endite with 11 cuspidate setae and 3 simple setae.
Maxilla ( Fig. 3E ) with unsegmented endopod bearing 5 simple setae. Scaphognathite (exopod) with 51(54) marginal plumose setae and 3 setae on blade surface. Coxal endite with 1 and 5 simple setae on distal lobe; 8 plumose setae and 6 simple setae, of which 3 are proximal and 3 are distal, on the proximal lobe. Basal endite bearing 11 simple setae and 1 plumose seta on the distal lobe, and 5 simple setae on the proximal lobe.
First maxilliped (Fig. 4A ) with unsegmented endopod bearing 5 simple setae. Exopod two-segmented, with 3 plumose setae on proximal segment and 4 plumose setae on distal segment. Coxal endite bearing 13 simple setae, and basal endite with 11 simple setae. Epipod with 11 simple setae.
Second maxilliped (Fig. 4B ) with endopod four-segmented, bearing 1 simple setae on proximal segment, 1 plumose and 1 simple seta on second segment, 5 serrate setae and 1 simple seta on third segment, and 9 serrate setae on distal segment. Exopod two-segmented, with 2 plumose setae on the proximal segment and 5 plumose setae on the distal segment. Epipod reduced, with 1 distal plumose seta.
Third maxilliped (Fig. 4C ) with protopod smooth. Endopod five-segmented, with 12 simple setae on proximal NEGREIROS-FRANSOZO ET AL.: FIRST ZOEA AND MEGALOPA OF UCA MARACOANI segment, 7 simple setae on second segment, 5 simple setae on third segment, and 7 simple setae on each of fourth and fifth segments. Exopod two-segmented, with 3 plumose setae on proximal segment and 4 plumose setae on distal segment. Epipod with 27 simple setae.
Symmetrical chelipeds (Fig. 4D ) with segments provided with small simple setae; the basis has a small spine and 12 to 14 plumose setae; inner propodus margin with 2 small teeth. Second to fourth pereiopods (Fig. 4E ) have similar shapes, covered by small simple setae; on the basis of the third pereiopod is a small spine; and 8 to 10 plumose setae on their basis. Fifth pereiopod (Fig. 4F ) has 3 hooked setae and an acute spine on the distal portion of the dactyl.
The pleon (Fig. 2B ) corresponds to 4/5 of the carapace length. The fifth pleomere has a postero-lateral projection on each side that reaches the middle of the sixth somite.
The telson is rounded, and bears some small simple setae on its surface and posterior border.
There are 4 pairs of pleopods ( Fig. 2C to F) located ventrally on the pleon from the second to the fifth somites. They decrease in size from the first pair to the last one. The exopod has respectively, 18, 16, 16, 16 plumose setae from the second to the fifth somites, and all the endopods have 3 cincinnuli each.
The uropod (Fig. 2G ) is located ventrally on the sixth pleomere, and is smaller than the pleopods. The uropod has 9 plumose setae on the exopod, and 1 plumose seta on the protopod.
DISCUSSION
The number of zoeal stages in the development of ocypodid crabs from the Brazilian coast ranges from 4 to 6 in U. Rieger (1997) Rieger (1998) Anger et al.
Rieger (1996) Rieger ( uruguayensis, U. mordax, U. burgersi, and U. vocator. Consistently 5 zoeal stages are found in O. quadrata and U. thayeri. Such variation in the zoeal number is not common among brachyurans, but it has been reported for some crabs, mainly estuarine intertidal species (Spivak and Cuesta, in press ). According to Anger (2001) , the additional zoeal stages in crabs have been associated with unfavorable combinations of temperature and salinity. Nevertheless, some species of Uca showed variations even when they were reared under favorable conditions (Rieger, 1996 (Rieger, , 1997 (Rieger, , 1998 . This suggests another cause for long pathways: we could suppose that some estuarine species have larval adaptations to some environmental factors (tidal regime, for instance), in order to extend their development to await a better occasion for settling.
In a comparative analysis of existing morphological descriptions for zoea I among Ocypodidae, some features can be used to distinguish the larvae of O. quadrata and U. maracoani from other Uca species: both have lateral spines on the carapace (Table 1 ). This character is helpful in the southwestern Atlantic ocypodid larvae identification, because only the first zoeae of O. quadrata and U. maracoani have lateral spines on the carapace. Additionally, the zoea I of U. maracoani has two small lateral outer spines on each telson furca (Table 1) , which is not observed in any other zoea of the genus Uca that occurs in the same area. Recently, Spivak and Cuesta (2009) found 3 small lateral spines on each telson furca of the zoea I of U. tangeri (Eydoux, 1835) , which occurs only in the southeastern Atlantic.
Additional characters that identify the zoea of Uca can be found in the number of setae on the maxilla (basal lobe) and the first maxilliped (endopod) ( Table 1) .
With respect to the megalopa stage, the morphological features obtained for U. maracoani are also useful to distinguish the larvae of the genus Uca from other Ocypodidae that are described from the South Atlantic. Differentiation is mainly by the presence of a spine on the basis of the chelipeds and third pereiopod, which do not occur in any of the ocypodid species described until now, or in U. tangeri from the southeast Atlantic. With these characters, which are easy to check, one can differentiate the megalopa of U. maracoani from those of the subgenera Leptuca and Minuca, or the genus Ocypode. An additional feature can assure a more-confident identification, such as the number of segments of the antennular exopod. Differences among other structures are listed in Table 2 . Crane (1940) noted certain differences in the number of setae on the exopod of the fifth pleopod for the separation of Ocypode and Uca. Similar differences were observed in this study: U. maracoani has only 16 plumose setae on the exopod of the fifth pleopod (Table 2) .
Comments on Larval Morphology and Uca Relationships
The morphological features of the first zoea and megalopa of U. maracoani do not resemble any other Uca species previously described for the American species. The only species described for the genus Uca worldwide, whose morphological larval features agree with those of U. maracoani, is U. tangeri, which was described by Rodrigues and Jones (1993) and re-described by Spivak and Cuesta (in press ).
According to Rice (1983) , the study of the zoeae can indicate phylogenetic lines, depending on the identification of the basal and derived characters. This author also asserted that the evolutionary tendencies in the eubrachyuran zoeae indicate that the most advanced larvae show reductions of spines, setae, and segmentation compared to the most primitive ones. Both U. maracoani and U. tangeri have lateral spines on the carapace and telson, which have not been observed in any other zoea of the genus Uca. This feature could indicate a basal character for the subgenus Uca s. str., to what the above-mentioned species belong.
The relationships among the subgenera of Uca have often been discussed, based on taxonomy and morphology (Crane, 1975; Rosenberg, 2001) , molecular biology (Levinton et al., 1996) , and reproduction (Salmon and Zucker, 1987; Christy and Salmon, 1991; Murai et al., 1995) . Taking into account our results, some evidence from larval morphology (presence of lateral spines on the carapace and telson) supports a link between a species from the southwest Atlantic (U. (Uca s. str.) maracoani) and another from the southeast Atlantic (U. (Uca s. str.) tangeri), both narrow-front species. Obviously, we assume here that previous larval descriptions of other Uca species did not overlook these spines.
We also consider the evidence of a fossil record from the Lower Miocene, reported by Brito (1993) , who found a specimen identified as U. maracoani; this is the oldest fossil of a fiddler crab. This finding suggests that this fossil is an ancestor of the subgenus Uca s. str. Additionally, the results obtained by Levinton et al. (1996) suggest that Uca s. str. (Uca + Afruca, sensu Crane, 1975) arose within a proto-Atlantic realm, perhaps before the differentiation of the great Tethyan Sea that formerly connected tropical marine biotas from the Pacific to the Caribbean.
Considering that there is no molecular study including U. maracoani in the analysis, we must still use caution in splitting or grouping any subgenus of fiddler crabs as suggested by Spivak and Cuesta (2009) .
